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(57) Abstract: 

PURPOSE: To improve TFT characteristics of a thin film transistor 
having a transparent semiconductor film. CONSTITUTION: A gate 
insulation film 4 which comprises a first insulation film 4a and a 
second insulation film 4b is formed on a gate electrode 3. On the 
second insulation film 4b, a semiconductor layer 5 formed of ZnO or 
the like is formed. The first insulation film 4a is formed of SiNx or the 
like having a high insulation property, while the second insulation film 
4b is formed of an oxide (for example, Si02). Due to this structure, 
the crystallinity of the semiconductor layer 5 which forms an interface 
with the second insulation film 4b can be increased, and at the same 
time, a defective level of an interface between the semiconductor layer 
. and the second insulation film can be reduced. By forming the second insulation film of an oxide, the capture of oxygen by 
the materia! of the second insulation film from the semiconductor layer can be suppressed, resulting in the crystallinity being 
kept in a good condition near the interface of the semiconductor layer with the second insulation film. Consequently, a thin 
film transistor which has a low level of leakage current in an off-region, has a high mobility and has a good switching 
characteristic can be realized. 
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S. 1 

£2a 5L2ffe #7l ^E^^A-Ej^ afl^-g-^ £. A] S)-^ 4 -« 2} ^-^£o]cf. 

^3-8:, #7l ^Bj-s^^i^fil <H *fl*Hl£l Vg-Id -iH3-ar S^isHr zxefl = o]cf. 

5Utt, -g- AjAjoil 2o)l aj-g. ^dVe^^^o) oj Vg _ Id jpg^. £ Als)-^ ^.EflHo)4. 

£7^. £ AjAlo,] 3 6\] ^H^l^^ <g ^*H3 Vg . Id jpg o. ^Ajg).^ ^jflHoln]-. 

£8*, I^S] A] A)*)] 4 ofl n}£. nflE^^Al^]^ ^.g. SA]^ M £ o]4. 

£9^, #71 nflE^^Al^H $a°H3] ^-g- iEA]^ 5]S.£olcf. 

5110€r, ^H^i^^Bl^ QJ Vg-Id ^H3* OL2fl = ol^. 

t^<>l s.^ 

♦ ^Hlsfjl JiCf. A-^^i-A}!- ON Sf'S, ^171-SlJl, A;<9^4,A>-1- OFF sfTg, ^^S] 0]7l-fe 

^Cf. Ol^tt i^^M"^ ^ ^-g-SlJl Safe ^ V H€^]^(TFT)fe ^£^^.6)1 O^^i 

Ajej^.g. AV-g-^l-Ji flt^ 

^-§T^ W ^ ^«]-g- ^ ^^#ellol^^ ^ t} M. ^EflSfcf. nJ-BM. Ol^tt ¥*11» «l)l5)-7] ^5flA-l 

^i)?!^, ^^H^]^^.fe, l) H-E- ^7fl^-^^ ^193-25170531(1993^ 9^28^ 2 ) ^ 

^-iL ^l94-067187Jl(1994\l 3^11°^ ^7fl), (^^ 3) ^1 5.744,86431 (^^^ ■ 1998^1 4^ 

28°J) f-ofl 7flAl£]ol old-. 
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H] - oflui^l SE^^ol 3 eV o]Aj.<g nfl 25.5.7} 10 18 711cm" 3 W§ 

Si4* *-S-*l*lfc ^}o) TflAlsH #4. «£3h 2 °flfe, 7^**1 * jUs*^ 4^3 * 

i <h sife 7i#o] 78*1 3 <h xi4. ^4, §^ 3^ sfl*Wfc. ^^^>» ^^*^s.-h 

2.5 eV ol^S! **H&£*H A >-§-^ °il7> 7flAls|o1 JJ4. 

e^7H Sil(H WS4^l^i| Vg-Id *H§* 51*1^4. o] 44B«4i4fe. a-Si(<45LJM^ ^3$) 

TFT^MWl 5fl°H ol-g-Sli SifePECVD SH 4*11 SiN x (^)* TlH^^il^ W*\ 

21 1>£^l7flS.SAi ZnO» 4-§-§U 5tl4. HlCtfH. S|li*l^7> L/W = 5/15 y m ^£(L^- *mi«<>l» 
Wfe fl^* 1 4^|-^) < ?1 ^^^^#=H°l°fl ^-§-21^ 371 al TFT°1H ?l^|£4 6 l*£(li fe) 7 > 0.52 ernes'?] 
a - SiTFri 

IE*±, jI*^ ^ 71 fl* 4H£r, 4) Q£ *7fl*«l*SL ^197 -59087^(1997^ 3«4« *7fl). 

(W^ 5) "H-^ ^-^^7fl^-a. *Hll72858 AlJl(2002 1 d 1^16^ ^7fl) f-ofl 71M5SM &4. 

4 ofl fe ^4 tifl^* ^Al?l7l ^SflAi, -friSM* ^^SSI- -JM* Ol^^lfe 

i^l^-tb * 3 4<* ^WflM 3* *3-2.3. 4fe 4^3 WW>] 7flAl£)ol ojef. £ eV. 5oflfe. 

<M*M &4. 

0 ^ f d^- ji^^i?i ci^^i^i* *H4*}7W, ^.4 3i7ii^* ^7i #n tft 3. 4« i^^s>7i #n*\s=, tf 

T *M (^l^^, ON/OFF «1 W ? J «A7} 544. 

av 7] TFT -.Ajd) t^oflfe <g^4*r aJrH^^SSl * TflolH^^^ Tfl 

^4 Aj- 7l ^«];^l7.flS» 7flAl^Zl-M6ll 7 l7«^ H^^liEl ^fil ^JoflAife, ^<S4^l ^^^l^^ 1 
Tim Si W * TFT^l iHH*l c§*J= S-^ oj^fl jl % Ve|o1 ol^l ^4. £*V, ^ 

^ Tn.fr ^^§vW TfloiB^^^ <Hii A 1~8-*V^ 5fl4. ^1, ^i*^ SiN x 

(^)fr AVg-« ^<3^4 ZnO* y Jr£^^°l Tim* <8^SRr ^-f. SiN x ^l ^<fl^ ZnOS.-?-^ ^>i» *l»7l 

7l nfl^o)!, Tim^-eSl ZnO^l ^^4. 

*W ^^^^ A l7lfe 71^711^0,1 71^5.4 ^^^l a>oH1 ^ 

sliV^, ^^1 ^«fl*i^ <a^^ 

nel4 t o]« * ^^ofl 7 V^7fl ^4^1 «o>^^s, ^4* ^dTllJ:4^ wvs^^o.^ a> 

^5ftfr a«2l 7llolB^^4^^1 °1 A >-§-«: C N4. 

T ^Sl '^Aj-ofl ^ jj.^ E)ol Ol7Cl 

^Ol o]JH. JL4 4fe 7l#^ 4^1 

a. ^4 ^ «V£sil nflE^^Ai^Hi 0^21 ^fl^dL^^l -§--§-*. a.4^^*>7il, £*V-?r 

i*M *S47l J^A-l, TFT ^* ^ Slfe 7flolH^^4* ^ 4*m«*iiEi « ^» 
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€■ tt**l ^-m^l^Bife, #7] ^*f7l fl«B^. ZnO, Mg x Zn,. x 0. Cd x Zn, x O Sfe CdO, £fe 17^ 

A^{mm* fltt * 9l^r SEfe Ni7f H= € ZnO, Mg x Zn,. x 0, Cd x Zn,. x 0 HLfe CdO* 

^ 7flolS^4 7)1^^- ^*Kr -fcVSj-* Aj-g-^. afl! ^n^, o] ^ X g ^- 7 | ul^^o)] 

M^XI frzW 5(14. Slth Tfll ^^^-o] Xj-aj-g. olal o] jflj^ Af-g-sj-ji ^71 nfl^-ofl, a-SiTFT =3.41 >r4 £ 



^ fr*. « ^£.^1^4 7fl2 €^bv^ ^s] £2.^ ^ 514. ^ 

S>fe 5!^, *f|2 ^fl£o)l H}£^]^(ZnO -§-) £.S.Jf El AV^» ""KMfe 5J-g- ojafl^ =r Si 4 °H ^ 

u JrS^l#2l xi2 ^^^01 Tfl^-^esl ^^0} <$sl^ -a-^l€4. 3. OFF <g$HHo] *flH°l 

S^^^Elol JL^^-^s. -g-olSl-7]) ^§ ^ 014 



€-tt^ WH*^I^fc,^7l ^*^^7l fl^.ZnO.MgxZn,., O, Cd x Zn, x O £fe CdO. 3&te 
17>3l 7^* *|%- ^ oife £^ Ni7> 5L=€ ZnO, Mg x Zn,. x 0, Cd x Zn,. x O £fe CdO* * 
7l| o]e^^ 7)1^^ #3.3. ol<q 01 ^j-^. ^ u ^04^ ol 74I1 £oj«|- ^ #7l «>H^^6l| ^^s) 

^1. S^V ^ s|. 7^1 ^ ^ KNbO 3 . KTaO 3 , BaTiO 3 , CaSnO 3 . CaZrO 3 . CdSn0 3 , SrHfO 3 , SrSnO 3 . SrTiO 
3 , YScO 3 . CaHfO 3 , MgCe0 3 , SrCe0 3 , BaCe0 3 , SrZrO 3 , BaZrO 3 , LiGaO 2 , LiGaO 2 3} ^ 741 (Li, (x+y) Na K 
y ) (Ga,. z Al 2 )0 2 £fe Z?m S«-*H& uL-g-aHl* 4-g-^> 42 ^fe 7flo] E^^sf* 

014. 



^71 ^^lAife, *)12 ^.^°) W€-| ol 7)12 ^<a^4 741^* ^^sl-^- HV^^l^J!).^ 741^^^-a^ 

*a=s:*h>n ^ sa^. ^-71 ^ ^-g-^ife, «v£^i^ z n o ^^^^-oi ^i 

^^^-1: m-f ^21*1-711 -fM* ^ °{cf. S^V, 74H ^^al-ol a>^ # ol«qsl A^^j! oj7l nfl^o^] a . S ItF 

<S| ^71] %; ^ satf. 



^1, tIMe^ov^. 4Vo)?!: 2 ^ ^O^BJ-O.^ t^«^. 7fl 2 74m* aV^l^Sl a 

^ ^ *£^]*4 7)12 ^'S^sl 741^34 ^^-§^^1 71 £2^- 4. ojc}-. a£^. f ^)2 ^n-Sr #7] &ms. 

^*>fe- 7)12 78S.OII o^^a-1 «>£^l^(ZnO f-) o.S.-f-El ^» «(SJ-7lfe «go| 74.°! fltj. o]of| 

«]r£^l#al X| 2 741^^21 %%<$o] <#3LfM] -B-^l^cf. zl ^4, OFF ^ ^ °fl 7-1 24 31f°l ^3. ' 

S£*!: °l-^i7}- ^ ^$\j$m.s$o) ^ ^cf 1454-7^ ^^aj-s^ol-^. ^v- 

^E4.2l ji^^s. -g-ol^l-Tll ^ gicf. 



^EflTl^Sl ^B^^l^Elofl ololAife, ZWQo] flit 7^ 7l^Hl ^^d^ ^5)10]^^, ^£^1^^ « 
-^€4. °1 "fl^-^l, 7)^21 7fl^.oi| al-sf.A-4^, HVESflal-o} ^T+^^ol uj-« 7^ 0.7V Siol ) ^E^^oj ji.^ ^ 

5>Al7]7ll €4. =L$*\. W# ZZ»2l 3-g-^ll- Af-g-^V 7l^^^o,l B>£^]^4 ^^^S.^ «Vnt 

H?1^1^e4o)] xi^Ai^ ^ 2 s^7W£, «J:£^#4sl ^7>^^oi «g=^«j.7fl €4. oh s)«g' ^^fl^i 

^Tllgiol, qVE.ailf^ s.A^sl «s].7]. « 0 V^£l7l nflS-ofl, 7l%7fla* ^Xj-^^ol <$2.Q. $3^. 
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s£SL7} 

_ se 4* ^i, $ *Mvi 3*. °1*H *+*Mfe ^J°14. £ ^3 °1 



T 



[^AH 1] 

**V* a*, oi (D4 sa^^t. *>*^fe - 

5),ii^^(6) ^ £4*1^(7)* mfe a.^(9)°l S^^M $14. 

*£**(5)*. ZnO, Mg x Zn,. x 0. Cd x Zn,. x 0 ^ CdO, Sfe 17}4 7>^» fl« f flfe Sfe Ni7> 
E«*ZnO.Mg«Zn 1 . x 0. Cd x Z ni . x OK CdO* 4**H 

7fl°lm€<S*H4)£r, 541 1 €<3^(4a) « *112 £<SWb)-§: 

^! ^o4^(4a)* 3^7l*(2) £ >flolS^(3)-*«fl ^HB^ (3) 4 7413* ^*>J1 fli*. o] 

42 ^*K4b)-fr ^111 ^^(4a)^ *E^*(5)«H SM^E*. *U ««?W4a)#4| WW *U. *1 **W4 
_* ^ tfl. E *n*( 5 )<£| T^-fr *8>8*faL $14. °1 2112 ^<3^(4b)*, SiO 2> Ta 2 O s . Al 2 0 3 ,Ti0 2 MgO, ZrO 

I sTab-Zr0 2 . Ce0 2 . K 2 0, Li z O, Na 2 0, Rb 2 0, ln 2 0 3 , La 2 0 3 , Sc 2 0 3 , Y |Qj Et ^= 27 fl * 

a^Vfe ji-g-^S A>-g-*H 

42 €W4b)£. Ha -fl^l VHa^ W*(4l ^* ****<* 2 \ 

- ^*^i 4»(4i ^ 2 Mt) * w^ 27m a*«Hs ^2 fl 7>, a- ^^^^ a^^s #4. 

Jl2 ^^^(4b)^. lib ^fl^l IVb^ «^ ^#(2113 Mt), ^» «^ AV^^U aJ-^J) ^ n* 

4 Aj.^^13 $ ^4 AV^) ^ 3|ols 27|* 5LW^ aL-g-^7>, ^% 5£fe ^^^5)<H Slcl^S. #4. 
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o) $H SSali^sJ ^Jg o.s. ±^9] *§^2] t]}*}^ aflame)., o] efl^js m] €-1: 4-g-*H *M = *iV 

*IH CR, + 0 2 7>^o)] °)sfl saH^* ^Al^ji, zl $-#2.2. 7)]olB^q-(3) S3 o|o)) ^^^^ 7JMmBfl 

^(H*l ^^^Cf(£2a). «3<tf7l*(2).SLS<M*, *B)7)4£, 4}o§, #e|^ s.o| A^i TflolH^T-W 

*r Ta ol^H Al, Cr Aj-g-^Jc)-. 

^ ^^a^sLA), ^SK^^-M: P-CVD 400 nm 3^ft4(£2b). °) *))£) ^2:?i£r 7l# 

- £7 ^ 330T:°U. 7}+°^o] 15 Torr o] ji, RF 43 ^ )7 > 1.5 kW^lJl. 7^-8-^0) SiH 4 /NH,/N 2 = 1 

50/750/2000 sccm°l 4. 

Sift. ^2 ^«a^(4b)^^, ofl^rfl, SiO 2 ^B^oll £]*]) io nm 3^ft4(512c). SiO 2 ^S) ^n^a) 

7]^^ 200 -C, 7>i-H-^* = 40/80 seem, #3 0.7 Pa, RF 4k\AHH 

=LZ\3-. ft£*)l*l)S.5A) ZnO» ^2) E) iy «H1 o^fi 2 00 nm 3^ftul, 5ES2]i^5)--S) «! flEoflijm ^oje^^. 
(3)2) tffHH ^S^i S)SL^ 7j-^-.tb4-(£2d). ZnO* ^ ^*Rr ^ JLJgA) ^ zl 2\o\\ sg+ 5|| o) *) 5=) *] oV 
#^#13. Mil ^ ^ # -golden 7pg^cf. ' ' 

Tfl^rSlH, i2)Bj^^o)] *m Ta* 200 nm W*>ul, 3LS.e)^zii^sl ^ CF 4 + 0 2 7(-^l- Al~g-$ }=5±o]6\]i$6\] ^ 
^£^•(6) ^ -5)1^1^^(7)* W ftcf. IE ft i3)E^»H £j«A ITO (Indium Tin Oxide) ^ 100 nm ^fti 
^^l°J^i^-(7)°11 ^#5)5LJ|, *112 ^<a^(4b)^-°ll, iJLE^ZlE}:*!) <>lRl°Jj(<*ft + ^ft)°fl £)*»- $HH<^1^* 
, ^i^q- (8) * ^ ^ ft4 (H2e) . 

p>x]^o.S, P-CVD 1H1 ^«flA^ ^^e]^«V^ 300 nm ^ftS. <>) ^3)-is)-E*H °H^2) ^^(g^ajj. 
sm^Ui^Bl (l)7V ^€4(£2f). 

ft^ ft*) ^H^^l^E] (1)5] Vg-Id *M§* £3°11 £Al^C|- Hliiloi]^ ^EflS] «Vn}.E 

^flxl^o] Vg . Id o] ^oj eJ-^-H^l^fi] ^^^|^, L/W = 5/20 u m ol4. 

^5fl2] ^6^AE|ci| ^^Ai^ TllolE^.gnKs^)^ ^5iW(ZnO)^ ^m^l^fe 7llo)H^^^o] 
°1| $JoH3 ^ii^ <a^» #|<asM -i>^l"#* ^W7] nfl-g-oll, «t£^l^ol Aj-^^o. o^_o ScfjI oj nj) 

£10<H1 £A]^ H >5»}. ^-ol, ol ^e^^^o])^^ ^iaM^Hfo FE )7\ 0.52 cm 2 /Vs^. ^4. 

rfl*H ( ^ ^e^xI^e] (D^a^, £l ofl £ a1^ 44 ^-ol, h>£^)^(5) (Zn0)4 74]^* ^^Sfe ^2 
^ v (4b)o] W*o] 7 l nfl^-o]), ZnQo] ^^^o] ^aj.^] ^s, o] ##5] ^ ^^^0.5.^. £305^ ^ 

^ °1 WHSS^l^ (1)^ ^tJ| JiJ!]-ol^. £ 7> 1.3 cm 2 /VsS ^WSScK 

Eft, ^2 ^«Sq-(4b)(^l?itfl Si0 2 )^ 10 nml &7l ^§<H] €<3^ *^ ^14, *fli ^^^(4 a ) (SiN 

x)°l ^1 nfl^o 1 ]_ 7l)olH^^(3)^-S^-^ S] ej^^^-7> ^Tfl ^^E)<H. ^Jl^V ^ 014 

^o], £r ^Aloflo)] o)-^. (i) fe , gg^oj ^! ^^-v ( 4a), $ ft£ifl*(5)(ZnO ^)^^ 

ftil- «Bj|^] Af-g.^- ^12 ^<S^(4b)* Sfe 71)0)^04^(4)^. ^.H]^JL o]^ o,^ n]o] jzxl 

°m(4)o\) 21ft ^<a^ ?J >n«>lS*^^(4)4 ft£^]^(5)4^ 741^^* ^ 3 ^4 OFF <^<HH 

^ ¥^^^5)1^°! ^-Jl, 0)^-^7} ±.o_ ^^^ o] o^^j. HV^E^^^e-) (i)7l- ^ ^4 
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*H *^«K4a)4 >M-*3feSiN x fe. «U*H. *i£(300t: %s.)W 

33^-8: 44^4. S iN x fe, ^°V, ^V°l^ Alsl^fr -R-*]*Br 7>^S}c}. £EtV, SiN x fe. 

XI2 *i<3^(4b)^ si0 2 ^ «l:a.*H. ^«V 0 1^ *)*M*lfc Ati^-s. 3 7V-f-oi-fr.fr e}*o« 

- ojcV. trVeVAi, 7fll ^<a^(4a)3l ^SS^ SiN x * ^V**^^ , SiO 2 S oj^o^ rf^S] TWe^^* ^V-fr 
^ HVoVe^l^EiJicV al^^ jl-tlSl^Sl «V^-S€^^» °i-§: ^ 5U4. 

"[-SH* 2] 

£ ^AHHl nV€- t 1 ^* ti:£**(5) S TflolB^^H Xl°H*l 

*12 ^^sV(4b)fr ^^*V7l fl* *«s.7V 1^1 ^JL ^1^(1)4 tf°lSr4. 

■&£*fl*(5)3 ZnO, Mg x Zn,. x 0, Cd x Zn,. x 0 5E^r CdO, Sfe 17^ 7V^» Slfe «i » 

Ni7V E£S ZnO, Mg x Zn,. x 0, Cd x Zn,. x O HLfe CdO* 5*4. *«2 ^ D -V(4b)£l ^fiS^fe, KN 

b0 3 KTaO 3 BaTiO 3 , CaSnO 3 . CaZrO 3 , CdSnO 3 , SrHfO 3 . SrSnO 3 . SrTiO 3 , YScO 3 , CaHfO 3 , MgCeO 3 . SrCe 
0 3> BaCe03,SrZr03.BaZr03,LiGa0 2 ,LiGa0 2 3 £3 741 (Li, . (x+y) Na x K y )(Ga 1 . 2 Al 2 )0 2 £fe 

^ *H5i 27111- 5L^sV^ 3L-8-*!* ^V-§-*V^ &4. 

#7l# 4*4 ^Sjfe W£«*l^l (1)51 aJa^-Sr, E2 a ^fl*l £2f^l Tfl^^i* <>l-8-SH o}*}6\} 
4. 

*«^7lfl:(2)*^ 7flolS^(3) $ *fll ^^^(4a)* ^*Hr *3 (£2a « 5L2b)*l| *MHfc. 43*H * 
#34 *V&7V*14. • 

Tfl^OH. ^12 =S^(4b)-S: ^*Rr *3 (512c)ofl floWfe. ZnO f"4 34 «l^«H*l7V ^* Ca 
Zr0 3 5l 44fr €^ ^S^l^ 1 ^ (pulse laser deposition method) 10 nm 3 -§^4. °1 ^ ^4^?ifr, 

7l*frr£7V 300^ o)jl, &±.&4\7]7\ 10 mTorr°l^l, 4*1 4 150 mV, 5 Hz°14. 

a« ^H^^(5)*^^*Vfe^(£-2d)^l SU^-Mfe. *l2 ^<?!4(4b)^ 4W. 413 31 ZnO-sL ol^^fe^^E. 

^ H°W 200 nm ^*«4. °1 ^ 7l*fr:H7> 300^^11. ^i^7l7V 10 

0 mTorr, ajo]^| 3^fl7> 100 mV, 10 Hz°14. 

o 1§H l 31^51 =^01^(6) ^ ii^^(7)^^ a.S D -V(9)2l ^^ofl ^(S2e ^ £2f)fr, 

H A 1 ^-^4 nV^V7V^14. 

#7} tV «V^V S-ol *V^ ^fl Ws«^ (i) ^ Vg - id ^ fr ^4<H1 £ai tV4. 

^ ^H^^l^Bl (l)^Hfe. *E^*(5) (ZnO)3V T^m^r ^^*Vfe 7l^^^ °] 7fl 2 ^<g°-V(4b)5l ^^V?i Tiel 
7V ZnO°fl 7V^, ZnO^l ^^^°1 ^ ^^V. * (1)^ ^^lJL3Vol^S(u fe )7\ 1.8 c 

m 2 A/s5. ^SV^^V. 

SEtV, A2 ^^^(4b)frr 30 nm ^}S.^}^7\ 3.3 cm 2 /Vs^l ^ Sl»4. 

^7lA^ ^1 2 (4b) 3 ^#^r 4 ^flS.fe 3ilSti.^V°lS(perovskite) 7>^H, (lll)^ 0 !!^ ^«^2l 

^^^1 fe2l^4 ZnO ^ €^tV ^21 ^Hj^M^i 7^R^ ^^V. ^1#^V 4 Sl<H^Sl Aj-71 J?-^thoi ^ 

t]HH 2% ^S-^^H ^-«2l ^mfe, ZnO^V 5!^}* £4. 44^, °lelt!: ^flS.* ^-g-*V<^ 

^2 ^^ D -V(4b)^H Zn07V *EJ1*(5)^ ^£^1^(5)51 
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^ 014. o|o,l ^S^^l^Bld)^, Jf.^ ^4 7W oj^o] i^-g. 

4 s 5^. 



C^H 3] 

^Ajoj] 3 oll ^sflA-^ £5 ^ 3E7°fl 7la «H H^S]^ £4. SE, -g- ^AHlcHl sa^H, ^^^V ^a}oJ| io)) o^ 



£5°11 £a)^ ^-oi, ^ ^AHHi 4# W^x^dD^. ^<a^7i^( 2 )^H, 7floi s ^^ (6) ii? |- (7) 

£ 0 H-°fl >L>5L^(5)°1 ^^U. 7llolS^<g^(4)* *H 7flolE^ (3) ol f§^§S\^ iEflTS^ 

21 t}.JL 9X^. 0} ^SSfl^l^(ll)ol) ojo^ ^. 3 °_ 7flolS^i#(6), ii#^(7) ^ <&51^ 

(5)0] ^^^71^.(2)^0)) o>qa|- f ^^^7lfl;(2)^o 1 l 7l^^^^(12)(7l^)*-^«llA-l 



-S-71 7l^^«a^(i2)^r, KNbO 3 , KTaO 3 , BaTiO 3 , CaSnO 3 , CaZrO 3 , CdSn0 3 , SrHfQ 3 . SrSn0 3 , SrTi0 3 , YScO 
3, CaHf0 3 .MgCe0 3 , SrCe0 3 , BaCe0 3 , SrZr0 3 , BaZr0 3 , LiGa0 2 , LiGa0 2 ^ ^ 7?) (Li, . (x+ , Na x K y )(Ga, 
-z A1 2 )0 2 SE^ °]»2] <&fl« x^^SL 2?m 5t«m ^-Ml* A>-g-s]-^ ^s)<^ 0^. 

a*. °1 WS.?l^iBl(l)ofl flo^t. nflB^i£^l^Hl AH-s) fe Sell ol^^ (7) oil 3^*1^(8) 

°1. 71^^(12)^1 fl^«t|.. m^r, o) 7flolE^^( 3)i ^c.1e^^^( 4) #£^(5) 

^^^^"(6) ^ = 31 "3 ##(7)* S^r iL2L^(9)°l ^^5)<H &4. 

^H. Aj-71^3; «V<4 T^3fe ^H€^l^Bi(H)2] ^^ttj-g., £6a ^) g ^ °l-g-*H °1 «h 

+41. *«^7l*(2)«|. 7li*oitiKl2)^S.^t XlaSAl CaHf0 3 » ^E^ol] g|«n 10nm^^^(£6a) 
°1 ^ ^nj-^o. ^. £7 > 200^01 ji, 7>>,-°-^ol ^>i/6>5^ = 4 0 / 60 sccm a] JLi oJ-e3o| 0.7 Pa°14. 

4-8-. ^71 7l^^<g^-( 12 )^-oil ^Bl^^oll fi) 4| ITO (Indium Tin Oxide)* 100 nm ^^4. ^ ITO ^ 3LS. 
BliZL^ ^ oH^^(9j<+ + ^^>)oll ^tt fl^fe- ^^S, ii^^(6) S.^l°J^^-(7) U ^^^-(8) 

* *AH ^^ttcf(£6b). 

^l^«fl^, ^S.^)7flS.S.A-1 ZnOS o] = <>|xlfe Zn0^(51)* 200 nm 3<f ^4(£6c) . «>] ^ 

7l^S.7> 280 'C, 7>^^ol Ai^/oj.e^ = 40/80 sccm0 lj7 oj-^o] 0 .7 Pa<>14. ZnO^* 
^^S.A^_ ZL <2)o1| ^i. eflo^ £J^^ > ojjAj.^^ o^i, ^ oleics. 7V^Sl-4. 

a«r. ^12 €9l^(4b)^ 3^Si0 2 ^(41)-8:^3ilE^«H s]^a\ 10 nm ^#*Vcl-(£6d). SiO 2 W(41)3 ^ 
200^01^.. 7^-B-^ol Aj-^^a^ = 40/60 5^0]^ <g& 0 ] 0 .7 Pao)^. 

^1 €°l^-(4a)^ Sl^ ^S)-^el$^-(42)*P-CVD ^«Hl ^sflA^ 40 0 nm -§-*Hl, =L Tflol 

H^^-(3)^S. Slfe Ta ^"(31)* ^B^l-^^S. 300 nm ^ ^cK516e) . 

^5}-^^$°l-(42)4 Aj^^o., 713S-&5171- 3301COU, 7}+°^o) 1.5 Ton-olJl, RF ^(^b)e1 ^)7f 1.5 kW 
ol jl, 7^-°-^, SiH 4 /NH 3 /N 2 = 1 50/750/2000 sccm^l t\. 
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^ ^, Ta ^(31)^1, 7flo]E efl^^je* 3L£e]4iZie]-3i].£. ^Ajsj-ja, o] Ta 4(31), ^^^^aV(42), Si 

0 2 4(41), ^ ZnO 4(51)-§- aflE^SH, JMS^O). 7)1 o] B ^4(4) , ^ ^5L*)]4(5)-§- ^ $4 (£ 6f ) . o) 
i, Ta 4(31) ^ l5)-424-E-4(42)-§: CF 4 + 0 2 7^1- A}-^ 2=4°H13M1 4*lW 3flE)^^cf. T^flA^ Si0 2 4 
(41) ^ ZnO 4(51)* f-f-5. = 3}-^r^ + ^<*\£L3, $1lB°H^4-. 

444-°-:£.,P-CVD 1H1 4«M. ^^s^-a. 300 ran ^.WKlL, 4 ^S^e} 5-44<>ll SHa)o) 3Ht^(8)Aj- 
4 (£A) o>^)^ ^--g-^- SSBliZLS^ ^ S5}o)cH]^H| o}*)) *fl4*Hr a 6.5. iL§:4(9)* ^^sH, 

44=314^4 (11)4 4"^4(:£6g). 

^7^4 44B314^4(ll) 0 ll ^oHfe, tiV£^l^(5)(Zn0)ol > 7l^^^-(12)^Hl ^£)o) &4. °1 7]^^<^ 
4(12)£r. aJa^) 2 <>1H 7fl2 *]<24(4b)4 ^1^1^ Zn04 34^^°! ^o. A^-g^l nfl£-<*H. # 

5131^(5)4 7ls€<34(12)iL-5L ^Ajs]^ 7))i£4 «j.Ajo) n}.^, iEfl7^4 44^*1^1(11)01) olo^ 

A) «V£^)]^ (5) Si £3 Aj-g- ^Aj-A) 5g ^ O^Cf . 

S*. 7l^^<g^(12)* *)1^J5.5.4, ^<a^7l^(2)^ 7flS.7]-, aV£*ll#(5)44 34*3^4 <&2.^x\ 
°14451. #:£^(5)4 1H34 wj-^^cf. nJ-eM, 71^-711^1-, «K&*)1^(5)44 44^^°1 4M 

^«-^A7>^rf. 

444, #7l*b 44 ^-o) ^ 44H^4^4(11)4 Vg-Id^* 5L7°11 £AieV4. ol 44B€4^4(11) 

4 Sfl^l'rfe, LAV = 5/20 U m44. °1 w}->3)-e (H)o]|a^ ( i.i cm 2 A/ S S|^ ^ ^S^o)^;^ £4 

£4. 

• z| ^aHH 44B^4^4(l,ll)Tr, o]s. £ , 0N/0FF4 ^4 -^Jl* i^^-^-^^r 44^ ojo^ 

^Tfl, oB^cl^s.^oloU ^e] a>^-e|3. a -SiTFT4 ^ 4^4 4j¥4 £4*14. 5E*\ Z n04 ^^*>fe 
^^^■(^112 ^<£4(4b) £tt 7l^^<=i^(l2))^ ^7d o^H14fe. 24 444°)!*! £^ «f<4 ^-o] ( ^ 

^ °l-§-£(^ cm 2 A/s)7l- <£o]^ ^ 014. o]ofl slsfl, oj} ^ rq a| ^] ol ofl o^oIa^ ^^^1^^, ^H^^l^Bld, 
11)* 4^3^ ^ Slcf. 

a, ^A]o)l ! iflx] 3<H]A^, smmiffl^EKui)^ ^S^-^a] ^tg (jEga ^^1 £2f ^ £6a H6g)°11 

4fif ^V-S-^r ^l«>fl ^T*flAi -i^5>^Cf. H^^l 1 ^, ^ AjAjofloll cflAl^J. Z]- A}^M ^ ^tt 

B€^l^(l,ll)o11 ^««A1£, Aj- 7 ] S.^*V 7 J S ol] ^B€^^E] (1,11)4 Dft7MS, Aj^oj ^Aj- 

[4lAlo|l 4] 

AjAloil 40II ^-SflA^ £8 ^ 51941 7)MM ^^§1"^ ^1*1-4 ^"4. a, £ 4lA]^Oll SI^A^ ^^Sl AJAH 1 ^ 3 °ll ^ 
CHA14 ^Aj^^ ^S.^ 7j^g. ^ ^Aj^ofl ^SflAife, ^<g?l ^-71 ^ ZL ^tg^ A^^Ef. 

i8°l) £A]^ tafa^- 7^-0], AjAl^o)] n]-^. D HEe3 ;i HAl^-^^ i on^di^Bllol o] ji_ S)-^^ sll^l (21) , i^^afo]^ 
(22), 7l|olB^4 0 lal(23), ^H^S(24) ^ ^€3] ^(25)* ^H]^ o|4. 

2|-^<H^ 0 ](21), d^H-HH ^(22) ^ 7flolH^Hl-oltH(23)^., 71^(26)^] ^aJ^o^ 71^(26)*, 

(27-)* ^ sa^. 

2)-di^^o)(2i)o11 Si^A^, cf^=oj ^)ol se^o] GLj> GLj+] ...jt). ^^e]-<?l SL,, SL i+1 -°1 S^fe aJ-e})s. 

yfllsl 0 ! Xl^, ^*Rr 27fls] 7flo|Ee].oi GL- GL4 °J^*Rr 2?114 ^e>°J SL- SL^l 4^ ^^1 
i^^, PIXSAi £Al f-) (27) 7> S^4. °14 44i(27-)^. SHi^l 0 ! (21)^°llAi nfle^^ ^Efls ufl 

^4°1 Xlai. 17114 i^4°J SL°1 1^2, i<8«a- 17114 >flolsefol gl<^1 t^^ 5U4. 



- 9 - 



^7fl^-S) ^-2003-0022692 



Cp°l] 3*H t^^M S5i4. •a^^.S, ^Elti^Belif 3]°H Si°H<2l ^-g-^C p fe. 

1- SHM^M ^«fl^. OJ j^-§-^C L ^ S^SM -?-7>€ l^Qt #3. Sflcf. C 5 r, ^jHC L «W S 

^xl^B] e}H*i*, S^l^Bl 7\\°}E.- ^ a>o] -g-at gj SJ-i^iq- ^Ix^i Aj-o] -g-%= -f-S] 7 ]^^-^ol] o) 

S«*l^l T2] 7l]o] s^, Tflo] E5}o] GLj°)] <H #4. C L ^ iL^-g-^ C s ^ 

TS] 1=31?! g i^* **1H i^e^l SL^l 3#3<H 9X^-. ^^-8-^ C L 2] E}« 0 VS] ^^-^r, °Jj*M-§: 
°i W^^l -SL^-g-^ C s 3 E^S} #^8:, #*|| S^ofl ^-§-°l EA1*>^1 (Cs on Coram 

on =?-2iS\ ^-f). GL(Cs on Gate ^-f)ofl ^^5)^ oic^. 

cHr^l TflojE^ol GLj, GL J+I ?IWH.EL2fo]Bl (23H 3 #3:2, ^WEl'ilJl'ii SL,, SL i+1 ii£ 

5f°l«U22H ^#£H J£th 7flolEc^o)^ ( 23) *J i^S.el-o)ttl(22)fe, zfz]- ^o}^. y GH . v GL 

4 SHISltfsH ' V SL 4) ^Sfl T^^tR 

i^ = 2fo]ti^ (22)tt. ^«HflS.(24)«*fl 2l«fl Sl7>€ <^^-AlJl DAT* *1H 3^(24) 5-^51 -§-7]^ CKS ^ i^-S 
^ SPS°fl 7l^SH ^ 13 Sf^o,] i^o] SLj _ SL . + i ...6)1 ^a^Si* s)o1 o|c}. 7flo)HJ£e}- 

°ltH(23)fe, ^3\S,(24)S.^S] -§-7lAlJl CKG- GPS 9? iE}E SPCHl 7l^*H A ^3 s|-i(27---H ^ 
GLj, GL j+1 -<*H "?l7VHlfe TllolEAl^t 5]^ o}c]-. 

^ 21 5(25)^, V SH • V SL • V GH • V GL , 3*1€3 COM % V BB » IHM^ flS.olcf. 

V SH • V SL £r. AA #°1^ ±^:E.eH«l(22H ?l7>JScf. V GH • V GL ^ ^lt 0 ! # 

# < y-°l^, 7flom=5folti1(23)^ tl7>€cf. ^^1^1^ COM*, 71^(26)^1 ^o. ^f-^Alofl 

o]7>^cf. 

^71^^ -8-71 S^fl^liBl Tfe, i xfl^l 3011 Xi^Aio] WB*^^(1,11)(E1 ^ £5 ^S)olcf. ^1" 

nVE^^^EKl,!!)^, Hl-2]- ^-Ol, ol^£ 7 > fei JL^^ol7l nflg-ofl, c] ^B€^ ^ (1 ,1 1) » 3}-^ (27)* 

¥-^*>fe SSfixl^Bl TS A>-g-*>fe- SIS, ^ aAl^fl 7 l- ?l^v} nflE^^SAl^l* ^o] 7f^S> 

711 €3-. 

**1, ^^^^7> als^ ^ 7flolJ=j=eH«i (23)* ^Sffe 3]S-i^, ^.^^1^5. ^sjfe 5)^^^, 4 e 
^fl^l^El^-, ^#tb^B^^l^Bl (l.H)olcf. o)^ i «|t|e^^ (1,11)7V 3.^^(uLol^.s^.)^ ^-^ ^o,] ^ 

^(27)21 + ^s\^ B-®*}^^ (1,11)5. ^^-^S.^. o]s-^ b€*1 

^El» ^<att 7l^-(26)^-°fl •^'S^ S^lli* ol-g-sM -^^Hl ^l^l-^ 5jo] 7>^-sl-7ll €4. °H slefl, DflHeli 
SAl^j^ ^l^^-^ol 7i±s)7] n^}, DflEejA S Al^|2] al-g-^*}* SSsffe ^°1 7>^s]-4. 

ol^o)lAj ^tgsv u ^ ^-ol, 1^ ^^e^l^Elfe, ZnO, Mg x Zn,. x 0, Cd x Zn,. x O S£fe CdO, £fe 17>2l 

71-^* #1^- ^ Sife afe Ni7> S=€ ZnO, Mg x Znj. x 0, Cd x Zn,. x 0 CdO* ^>-g-* ^£^1?, ^ 7fl°l 
7)1^^ ^^«l-fe O^-* ol^lS] 7fl^.l- a>^-*V ^li ^^Bj-sl-, o] ^^nv ^ AV 7 ] wVH^oil ^^lsli, 
SE^ ^1^* ^Sl-Jl, KNb0 3 , KTa0 3 . BaTi0 3 , CaSn0 3 , CaZr0 3 , CdSn0 3 , SrHf0 3 , SrSn0 3 , SrTi0 3 , 

YSc0 3 , CaHf0 3 , MgCe0 3 . SrCe0 3 , BaCe0 3 , SrZr0 3 , BaZr0 3 , LiGa0 2> LiGa0 2 ^ ^ 3] (Li, . (x+y) Na,,!^,) 
(Ga,. 2 A1 2 )0 2 ^^ o}^2) a].^. # ^ qojSL 2 7fl* 2.^$= i-g-^1* A>^-^ ^ 2 Tflo] e^^^ ^ 
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3 fr*. ^ t^*))^ *l2 ^^^"^ T)]^ SflSl t &4. £t!r, ^2 ^ 

42 *£«r4*l 31^5-21 ^ssl-Tfl -ifA]€4. ^. ^4, off ^^HH^ $\^°] £3., ^ 



^"71 ^-^-S^^^Eioll $4°^, AJ"7) Si0 2 ,Ta 2 0 5 , Al 2 0 3 .Ti0 2> MgO, ZrO 2 , stab - ZrO 2 . Ce0 2 , 

K 2 0, Li 2 0, Na 2 0. Rb 2 0, ln 2 0 3 , La 2 0 3 , Sc 2 0 3 . Y 2 0 3 2£^ ^l*^ Wl? 27fl» if*}^ 4 

-g-s>Jl Sl^ 3°1 al-avzi^cf. ol a}- ^-o], ^<3^-gr Aj- 7 1 ^2}-«-5. ^*Hir *ll2 

«]-51*fl#(Zn0 f-) <LsL^-B] ««I^-7lfe 2jo] &7fl ^nf. o}-^ t iLcf IL^^-<y ^S^Ul^E]!- afl-^-.^ 

^AH 22] ^H^l^fe. ZnO, Mg x Zn,_ x 0, Cd x Zn,. x O SE^r CdO, Sfe 17>2] 7K 1 * #}t *r Slxr S 
Ni7)- 5LS€ ZnO, Mg x Zn x . x O. Cd x Zn,. x O IEfe CdO» ^>-§-?t *2}513|f\ ^ Tflol E^^a). ^.g- *g^*Hr £ 
©12121 T.flS.» A>-g-*»- *fli ^-a^, °] 4l %<&^ ^ ^sflf^l ^l^. St!- 7)1^* ^^*1-Jl, 

KNb0 3 , KTaO 3 , BaTiO 3 , CaSnO 3 , CaZrO 3 , CdSn0 3 , SrHfO 3 , SrSnO 3 , SrTiO 3 , YScO 3 , CaHfO 3 , MgCe0 3 , S 
rCe0 3 . BaCe0 3 , SrZrO 3 , BaZrO 3 . LiGaO 2 . LiGaO 2 $ £3 7fl (Li t . (x+y) Na x K y )(Ga 1 . z Al 2 )0 2 £fe a> 
^t? *\o]s_ 2 ?m iWfe JL-MI* A}-g-*V 42 ?Hr Tflo] e^^pv^. ^als^ 51^ ^^o}c|. 



-i ^2 ^<a^3)-2l 7^1^21 ^f-§2|S] ^ ^rf m* 1> ^- 7 ] Aj-^ ^ 

ZnO 3*H^^o) 7^1^^^* nfl-f ^JlSVTfl -R^ ^ £tt, ^]2 &<£^ 

-Ir ^-71 ^ilS, ^2 7.fl^.o)| «VS.^1^o. S .«.b] Aj-^s. «H^-7lfe ^o] 7^2] &c}. 

«>H ^12 7^1^^-5-21 ^^^ol ^§1-711 ^}^. =L ^4, OFF ^^^1^21 ^f^i^^- 

5>fe ^^-H€^1^2l J-a^-Br -g-OlS>7fl ^Al^ ^ SlCfjl ^ 3-21-71- ^Efl^T^-. 



>S-7l zl- «^S?!^l^Eiofl $i<H^, Aj-7l ^iU ^Qi^l SiN x # A>-g-5>Jl Xlfe ^ol H>^-ajsl-4. SiN x fe, (1) -tb^-*^ 
oi^ofl xfl3H ul^ai 7-l^oici^ ^-2. I^SAjf U|-EH]J!, (2) ^#^ol ^ u^al-oi^ X\g\A^ o.^^- ^ ol. 
1, (3) Si0 2 2l- til5l5>^ 7>-i-ol^ Q^^^. ^ 01 o.^ ^-Hl§>7l n&<*}, 7HolH^<a^l «*3L«- 

S-Aj^ £ ^ oicj-. o] nfl^ofl, ^2 &711 S^^al-H, TflolS^o^^ ^Aj-g- ^ oic}-. 4 

^Ai, Aj-ol^ ^ 7M21 ^^^e. ol^-o^xl^ 7flolB^^^2l ^21 f^7>* ^^1§H. ^S^Al^2l A}o]^ tfl 

^Sl-l-^^^^ s-ii}. 

Aj-7] z]- «l-°]-B€^l^^o11 JiolA^ ZL 2loll Aj-7] «i£^l^ol ^Aj£) :I 7 i KNbO 3 , KTaO 3 , BaTiO 3 , CaSnO 3 , CaZr0 3 , 
CdSn0 3 . SrHfO 3 , SrSnO 3 , SrTiO 3 , YScO 3 , CaHfO 3 , MgCeO 3 , SrCeO 3 , BaCeO 3 , SrZrO 3 , BaZrO 3 , LiGaO 2 , 
LiGa0 2 ^ ^7H(Li,. (x+y) NaxKyMGa,., Al z )0 2 Sfe -=l*2l ^-S)-l-# 27fl«- 2.^*}^ JL-§r4* A>-g-^ 

71^-i- c-1 a^sVH, 91^ %°) «>^*1-4(^ahi 3). 

°H1 ^-eVH^AliE-lofl oio^A-1^ 42 ^.^^ v}&7}*}3-, wjrS^l^Sl ^Al-^^-Ajol ^5}.^ 

OH 21^, 7l^7flS^ ^Tfl^ol, Hj-H^o} mAjs) ^^-7 r ^1^71 nflg-o)], 7l^-7flS.l- ^£^1^21-21 2**}^^°} 

^Stb 7flsLa ^^-71- gicf. Ol-Sl-A-I, ^-^«>£.^1^ ^tfl^^2l aVnJ-E ^AliE^l gl^A^, Jl^§ 
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i^o} Aj^^o} ^.oH l^Ej-vfl ^1^?] ^AlEfl^a^^Al^feol^^q-^.^^ 7l#vfl-g-^- jo|^ 
(57) fln 1 ^ «41 

^^a- 1. 

ZnO, Mg x Zn,_ x O, Cd x Z ni . x O Sfe CdO, SEfe 17r3 7^* Q1k *r Sfe €^ £fe Ni7> £=S ZnO, Mg x Z ni 
. x 0, Cd x Z ni . x 0 SEfe CdO« ^H-Sb £HXlf\ ^ 

TlMS^^r ^*Hr ^Vsf# o]^Sl 7lSf A>-g-fV ^^^3]-, O] ^ll ^<gTZj- «] Aj-7] BV £ ^)^o)) ^x)£) 

XI 1 ^cHl 9X°)*\, =*- *H #7l ^^Sljl, KNbO 3 , KTaO 3 , BaTi0 3 , CaSnO 3 , CaZrO 3 . CdSnO 3 . SrHf 

0 3 , SrSnO 3 , SrTiO 3 , YScO 3 , CaHfO 3 , MgCeO 3 , SrCeO 3 , BaCeO 3 , SrZrO 3 , BaZrO 3 , LiGaO 2 , LiGaO 2 -E-^ 
^l(Lii- (x+y ) Na x K y )(Ga,. z Al z )0 2 S£^ ^1*^ 27111- S -H-Ml* *r-§-^ 7li** o| 5E. 

3. 

*)1 1 *<M1 £M^, ^7l ^1 ^^o] SiN x ^- °l-?-<H*lfe ^B^l^El. 

^T 2 ""^ 4. 

^1 3 *«>1| Sl^T.i, a. ^ofl Aj-71 a]- S3 fl^ 0 i ^a^5) JIi KNbO 3 , KTaO 3 , BaTi0 3 , CaSn0 3 , CaZr0 3 , CdSn0 3 , SrHf 
0 3 , SrSn0 3 . SrTiO 3 , YSc0 3 , CaHfO 3 , MgCe0 3 , SrCe0 3 , BaCe0 3 , SrZr0 3 , BaZr0 3 , LiGaO z , LiGaO 2 ^ -g-^ 
^(Lii- (x+ y) Na^Ky) (Ga,_, Al z )0 2 afe ^lt^l tir#** ^<H^ Z?m jl-g-^l* 4-8"^ 7l^^ cj S 

*«r^ , 
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A 1 AZ QQ^-g:, SiO 2, Ta 2 0 5 . Al 2 0 3 Ti0 2 . MgO, ZrO 2 . stab - ZrO 2 . Ce0 2 , K 2 0, Li 2 0, N 

a 2 0, Rb 2 0, ln 2 0 3 , La 2 0 3 .Sc 2 0 3 , Y 2 0 3 S^ ajo^ 2 7fl» 3L*HHr ul-8-«H* a>**tjI W 

6. 

5 *<M ^7} Al *Si«hfr SiN x ^ °V?-«»1*lte WS«*|i3. 

A 5 1H Xl^H, ^ $H ^*fl^°l IH^. KNbO 3 , KTaO 3 , BaTi0 3 , CaSn0 3> CaZr0 3 , CdSn0 3 . SrHf 

0 3 SrSnO 3 , SrTiO 3 , YScO 3 , CaHfO 3 . MgCeO 3 , SrCeO 3 , BaCe0 3 , SrZrO 3 , BaZrO 3 , LiGaO 2 . LiGaO 2 ^ £3 
A CLi,. (x+y) Na x Ky ) (Ga , . z Al z )0 2 H^r ^o]s. 2 7fl» Jl-g-*fl» 7]^^ *\ JL 

i^flTl^ o.s safe WH«*I^I. 

^^fr 8. 

ZnO, Mg x Zn,_ x O, Cd x Zn,. x 0 £fe CdO, Hife 17}^ 7^* 4j« ^ &Tr *i 3L$= Ni7> 51JE€ ZnO, Mg x Zn, 
. x O, Cd x Z ni . x 0 Sife CdO* #51*11^, $ 

TlMH^^ A^-i ^*Hr ^# A3-* ^V-g-^r *Hl °1 *fll ^'fi B i v ^ # 7 1 *3E.a(|*4| 

jL, S£*b ^o 1 -^ ^^*>jOL, KNbO 3 , KTaO 3 , BaTi0 3> CaSn0 3> CaZr0 3 , CdSn0 3 , SrHf0 3 , SrSn0 3 , SrTiO 

3 YSc0 3 , CaHf0 3 , MgCe0 3 , SrCe0 3 , BaCe0 3 . SrZr0 3 , BaZr0 3 , LiGaO 2 , LiGaO 2 Q *3 ^(Lij. (x+y) N^K 
y ) (Ga, Al z )0 2 afe °}^2) qo]5L 27fl» iWfe ^-§-*fl» *V8-* *fl2 5fe 7fl o] B^"^* 

A 8 ^ 3H1 ^"71 «VE.3l^°l ^^5]JZ, KNbO 3 , KTa0 3 , BaTiO 3 , CaSnO 3 , CaZr0 3 , CdSn0 3 , SrHf 

0 3 SrSnO 3 , SrTiO 3 . YScO 3 , CaHfO 3 . MgCeO 3 , SrCeO 3 , BaCeO 3 , SrZrO 3 , BaZrO 3 , LiGaO 2 , LiGaO 2 ^ * 3 
A (Li,. (x+y) Na.Ky) (Ga,. z Al 2 )0 2 Hlfe ^« 27fl«- 3L^*Rr 7 1^^* 3 * 

10. 

*ll 8 SM*!, *fll ^^^--8: SiN x S. o]-¥-<H*]fe ti>^E^xl^Ei 

11. 

A 10 ^-ofl Sl^T-i, a A o V 7l ^^5)31, KNbO 3 . KTaO 3 , BaTiO 3 , CaSnO 3 , CaZr0 3 , CdSn0 3 , SrH 

f0 3 SrSn0 3> SrTiO 3> YSc0 3 , CaHfO 3 , MgCe0 3 , SrCe0 3 , BaCe0 3 , SrZr0 3 . BaZrO 3 , LiGaO 2 , LiGaO 2 ^ ^ 
7il(Lii-(x + y) Na x K y )(Ga,. z Al z )0 2 £Efe tfS**^ 3*15= 27fl* 5L^*}fe aL-8-*l|* *r-8-# 7]^^ ^ ± 
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12. 

#7] ^^J^>7>, ZnO. Mg x Zn,. x 0, Cd x Zn,. x 0 JEfe CdO, iEfe 17>2] 7>^# ^ ^ 5Ufe £^ Ni7 > £ 
= € ZnO, Mg x Zn,. x 0, Cd x Zn,. x 0 21^ CdO-§- ^>-g-*V «VE*11#, ^ 

*MS^*r «8^SHr *VSj-# o]S]3] ^]lf A}-g-^ ^oi^ o] ^ll ^ aJ- 7 ] u^l^l ^^5] 

^^8" 13. 

^T^J- 14. 

*il 12 *<H1 $X°W, Aj- 7] ^JEL^^fe, ^ fl6fl n^^o) Wqz.. KNbO 3 , KTaO 3 , BaTiO 3 , CaSnO 3 , 

CaZrO 3 , CdSnO 3 , SrHfO 3 , SrSnO 3 , SrTiO 3 , YScO 3 . CaHfO 3 . MgCeO 3 , SrCeO 3 , BaCeO 3 , SrZrO 3 , BaZrO 3 , 
LiGa0 2 , LiGa0 2 3 £3 31 (Li, . (x+y) Na^) (G ai . z Al z )0 2 5Efe °1«3 qo]5L 27fll- S.^f^ JL&z]} 

$7--% 15. 

*)] 12 *<H1 Sl^H, ^-71 ^S^^iB]^ ^-71 *fll ^^fr SiN x S. ol^xlfe pflB^^aAl^l. 
16. 

XI 15 ^1 Sl^Ai, ^1-71 ^S^^l^fe, Aj- 7] HV^^l^o] fl-fls^, KNbO 3 , KTaO 3 , BaTiO 3 , CaSnO 3 , 

CaZrO 3 , CdSnO 3 , SrHfO 3 , SrSnO 3 , SrTiO 3 , YScO 3 . CaHfO 3 , MgCeO 3 , SrCeO 3 , BaCeO 3 . SrZrO 3 , BaZrO 3 , 
LiGa0 2 , LiGa0 2 ^ ^ 7)1 (Li, . {x+y) Na x K y )(Ga,. 2 AlJ0 2 £Mr q o] E 2 7fl* i^ffe JL-g-*H 

17. 

4 12 sj-ofl Sio^, Aj- 7] -v^e^^)^^ # 7 j A2 S^n^^ SiO 2> Ta 2 0 5 . Al 2 0 3 .Ti0 2 , MgO, ZrO 2 , stab - ZrO 
2 , Ce0 2 , K 2 0, Li 2 0, Na 2 0, Rb 2 0, ln 2 0 3 , La 2 0 3 Sc 2 0 3 , Y 2 0 3 £^ -ttS)-!-^ 271)1- if-Sffe JL 

^ 18. 
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4 17 1H1 5tl°H. #7l ^«rH«*|^l3 #?1 *)ll SiN x 3. ol-¥-<H*lfe- i*|S«iii^**l. 

19. 

4 18 *cM #71 3. $H #7] S>S.*ll#ol *$^S\JL, KNbO 3 , KTaO 3 , BaTiO 3 , CaSnO 3 , 

CaZr0 3 CdSn0 3 , SrHf0 3 , SrSn0 3 . SrTi0 3 , YSc0 3 . CaHf0 3 . MgCe0 3 . SrCe0 3 . BaCe0 3 , SrZr0 3 , BaZr0 3 , 
LiGa0 2> LiGa0 2 3 £WLi,_ (x+y) Na x Ky ) (G.,., Al z )0 2 H-r iWfc a**H 

^■=p-^-20. 

#7l ±#%±7.}7}, ZnO, Mg x Zn,_ x O, Cd x Zm. x O £fe CdO, HLfe 17 r 3} 7 r ^» «|« ^ Xife «i SEfe Ni7> £ 
JE^ ZnO, Mg x Zn,. x O. Cd x Zn,. x O £fe CdO* *r*Sh t^l*. 3! 

^l^e^S). 3],^ AV5l-# A>-g-^ Tfll ^04^. ol ^1 ^ #71 ^^51 

■2 gc^j. ^4 ^| ^-fr jg S>jl, KNbO 3 , KTaO 3 . BaTiO 3 , CaSnO 3 , CaZrO 3 , CdSn0 3 , SrHfO 3 , SrSnO 3 , SrTiO 
3 YScO 3 CaHfO 3 , MgCeO 3 , SrCeO 3 , BaCeO 3 , SrZrO 3 , BaZrO 3 , LiGaO 2 . LiGaO 2 ^ ^ 7fl (Li j . (x+y) Na, K 
) (G ai . 2 A1J0 2 £^ °]**\ WS. 27m S-S-^l* *ll2 3fe TflolH^^* 

A 20 5a°H, #71 ^*Hr tHS-*|3.» c| 5L^-*Vji, 

^33.5. ^*Rr E^^^Eli, ^"71 ^2=3*1^3. ol^^jl, ^"71 i^i*} ^ #71 2=^*1^7} 

^•■t 1 * 22. 

*ll 20 Sl°H, #7l ^EWiSlfe, ^ # 7 1 ^^lf^l $#=13.. KNbO 3. KTa0 3> BaTi0 3 , CaSn0 3 , 
CaZr0 3 CdSnO 3 , SrHfO 3 , SrSnO 3 . SrTiO 3 , YScO 3 , CaHfO 3 ■ MgCeO 3 , SrCeO 3 , BaCe0 3 , SrZrO 3 , BaZrO 3 , 
UGa0 2 . LiGaOa4*^7fl(Li 1 . (x+y) Na x K y )(Ga 1 . z AlJCfcH-fe <=>1»^ *M£ ZA* ***** S-M 

^3171$ 0.3. $#sM xlfe is«|is^^l. 

3 ^Ih 23. 

* 20 $"°fl #7l WH4*|£;33 -8-71 *|l SiN x 3. ol*«1*lfe D flHSj iS Al^l. 

^^9" 24. 

4 23 #°fl 5i»l^,#7l ^H^l^fe, Zl $H1 #7l w>£^l^ol $#2)3., KNbO 3 , KTaO 3 . BaTiO 3, CaSnO 3 , 
CaZr0 3 CdSn0 3 , SrHfO 3 , SrSnO 3 . SrTiO 3 , YScO 3 , CaHfO 3 , MgCeO 3 , SrCe0 3 , BaCe0 3 , SrZrO 3 , BaZrO 3 , 
LiGaO 2 ,' LiGaO 2 ^1 (Li, . (x+y) Na x K y )(Ga 1 . 2 Al z )0 2 HL- 31=. 2*» iMfe 

» *B-3t 7l^§-§- c| Itsl"l, 
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